SASAKI, R., YAMAGIWA, H., ICHIKAWA, S., ITO, A. and YAMAGATA, S. Histometrical Estimation of Scar Tissue in Hypertrophied Human Heart Muscle. Tohoku J. exp. Med., 1975, 115 (1), 21-31 -Histometrical estima tion of scar tissue was made on 28 hypertrophied human hearts obtained at autopsy in order to know the significance of scar tissue in the process of cardiac hypertrophy and in the development of cardiac failure. Estimation was made on histological specimens of the anterior wall of the left ventricle and the postero medial papillary muscle, according to Chalkley's point counting method, and the amount of scar tissue was expressed by percentages.
The mean percentages were 4.6, 8.5 and 18.3 in the epicardial, endocardial part of the left ventricle, and the papillary muscle. There were very significant differences between these 3 mean percentages.
There was a very significant correlation between the per centages of scar tissue in the endocardial part of the left ventricle and heart weight.
There were no definite correlations between the percentages of scar tissue in the epicardial part or in the papillary muscle and heart weight. From these results, possible causes of scar formation and significance of scar tissue to the development of cardiac failure were discussed.
histometrical estima tion; scar tissue; point counting method; cardiac hypertrophy; cardiac failure Although cardiac hypertrophy is most commonly encountered in the clinical practice, the essential nature and physiological significance of hypertrophy are not clearly understood yet. One may consider that cardiac hypertrophy is resulted from the accommodation to an increase in overloading. Cardiac hypertrophy, however, is not an ideal accommodation form, since it is destined to develop finally chronic cardiac failure. Possible causes of cardiac failure in cardiac hypertrophy have been studied from many aspects, such as coronary circulation, myocardial metabolism and myocardial contractility, but the developing mechanism has not been fully understood. Recent advances in estimation of cardiac function, especially myocardial contractility are remarkable. Considering myocardial contractility, the presence of connective tissue or scar tissue in hyper trophied hearts cannot be ignored. It has been reported that the connective tissue or scar tissue is scatteredly present in hypertrophied heart muscle at his tological examinations (Schoenmackers 1958; Arosemena et al. 1967; Bdchner and counted. It was evaluated that the counting on 2000 points was enough for this estimation from the march of the mean ratio of hits on connective tissue. The space parts counted in the histological specimens were calibrated under the following assumptions that these space parts were artificially produced during preparation and were to be occupied by heart muscle or connective tissue. Thus, the area of connective tissue was expressed by per centages in the heart muscle. The sear tissue is not strictly a synonym of connective tissue. In this observation, however, there were no countable interstitial fibers around intact myocardial cells and only connective tissue could be counted around vessels. The con nective tissue did not exceed 2% when heart muscle fibers were intact. Then, the content of connective tissue seemed to be equal to the content of scar tissue. The estimation was made on endocardial part and epicardial part of the left ventricle and the papillary muscle.
RESUTTS
The percentages of sacr tissue in all cases were shown in Table 2 . In the endocardial part of the left ventricle, they were 1.3-24.6%, the mean being 8.52%, and less than 2% in 3 cases; in the epicardial part of the left ventricle, 0.7-21.5%, the mean being 4.62%, and less than 2% in 10 cases. The averaged percentages for the endocardial and epicardial parts of the left ventricular wall were 1.1-23.0%, Percentages of scar tissue in the endocardial part and heart weight.
the mean being 6.57%. The values in the posteromedial papillary muscle of the left ventricle were 3.4-61.1%, the mean being 18.31%. The scar tissue was more abundant in the endocardial part than in the epicardial part in all cases. There was statistically a significant difference between the mean percentages of scar tissue in the endocardial and in the epicardial part of the left ventricle (p<0.01) ( Table 3 ). The scar tissue was more abundant in the papillary muscle than in the left ventricular wall except in 1 case. The mean per centage of scar tissue in the papillary muscle was statistically different from that in the endocardial part as well as from the mean value of the endocardial and epicardial parts of the left ventricle (p<0.01) ( Table 3) .
There was a significant correlation between percentages of scar tissue in the endocardial part of the left ventricle and heart weight ( Fig. 1 ). There were no definite correlations between percentages of scar tissue in the epicardial part of the left ventricle and heart weight ( Fig. 2) . However, there was a significant correla tion between mean percentages of the endocardial and epicardial parts of the left ventricle and heart weight (Fig. 3 ). There were no definite correlations between percentages of scar tissue in the papillary muscle and heart weight (Fig. 4) .
In 8 cases of cardiac diseases (mean heart weight 534.4 g), percentages of sear tissue neither in the endocardial part (mean 11.02%), epicardial part (mean 7.80%) nor papillary muscle (mean 20.58%) showed definitie correlation to heart weight (Table 4 ). In 13 cases of renal and vascular diseases (mean heart weight 436.9 g), percentages of scar tissue in the endocardial part (mean 8.55%), epicardial part (mean 5.35%) and mean percentages of the both (mean 6.95%) showed definite correlations to heart weight ( miscellaneous diseases (mean heart weight 402.1 g), percentages of scar tissue in the endocardial or epicardial part of the left ventricle or, in the papillary muscle showed no definite correlation to heart weight ( Table 6 ) .
DISCUSSION
Biichner and Weyland (1968) have described the characteristics and causes of scar formation in the heart muscle in various diseases for the first time and emphasized possible relations of the presence of scar tissue to cardiac failure. Arosemena et al. (1967) have reported that fibrosis of the papillary muscle is often seen in adults as compared with children and is also seen in cases of cardiac diseases as compared with non-cardiacs. Roberts and Cohen (1972) have stated that necrotic or fibrotic foci are frequently found in the left ventricular papillary muscles. However, there have been no investigators who performed a quantitative estimation of scar tissue, except for Schoenmackers (1958) who has reported the ratio of connective tissue in the endocardium and epicardium, and the papillary muscles of various heart diseases. He has shown that percentages of connective tissue increase in diseased hearts as compared with the control hearts.
Our estimation shows that the scar tissue is most frequenty found in the papillary muscle, followed by the endocardial part and then the epicardial part of the left ventricle in all 28 cases, and that the scar tissue in the endocardial part increases with an increase of heart weight. These indicate two things; the first is that the mean percentage of scar tissue is different depending upon the location within the heart wall, and the second is that the percentages of scar tissue increase with heart weight. The first problem seems to be also related to possible causes of scar formation in the heart wall. The second problem means that remaining normally functional myocardial cells decrease in number. At first, it may be reasonable to attribute the arrangements or distribution of coronary arteries as causes for the topographical differences in the amount of scar tissue. It is evident that the percentage of scar tissue is least in the epicardium and most in the papillary muscle. Estes et al. (1966) have made postmortem angiographic studies on the human heart and reported that the arborizations from larger epicardial branches of the coronary tree plunge at right angles to their parent vessels, entering the myocardium and rapidly subdividing into a meshwork of fine vessels. The finer arborizations (Class A) divide quickly in the myocardium, forming a series of very fine branches in the area of the middle and outer thirds of the myocardium. The larger arborizations (Class B) divide less frequently, and maintain their diameter as they course inward. They terminate in an anastomotic network of large caliber, which is located in the subendocardial layers of the myocardium, including the trabeculae carneae and the papillary muscles. Each papillary muscle is supplied by several of these large Class B channels, which generally show a segmental distribution. The base, mid-portion, and tip receive tributaries, each originating from epicardial vessels radially outward. And then, they have mentioned that fibrosis of the papillary muscles is often associated with occlusive disease of the large coronary vessels. Roberts and Cohen (1972) have pointed out that the left ventricular papillary muscles are the last portions of the heart to be perfused by coronary arterial blood and then are sensitive anatomic markers of myocardial ischemia. They have also stated that coronary arterial luminal narrowing is the most common cause of necrosis or fibrosis of the left ventricular papillary muscles. On the other hand, Roberts and Buja (1972) have studied 107 autopsy cases of ischemic heart disease and reported that there are many cases without complete occlusion of coronary arteries, even in myocardial infarction and there are marked atherosclerosis of coronary arteries in the majority. It is, therefore, likely that the complete occlusion, that is, absolute arterial ischemia, is not necessary for the scar formation, but the relative ischemia is a probable main cause. As basic diseases responsible for relative ischemia, coronary atherosclerosis is the most common. At present, these may be possible explana tions why the scar tissue increases unproportionally in the papillary muscles. Other morphological studies have revealed that cardiac hypertrophy is concomi tantly associated with an increase of capillaries and there is no evidence of coronary insufficiency (Linzbach 1960; Suwa et al. 1968) . Nevertheless, physiological investigations have shown that coronary blood flow is diminished in the endocardial part even in normal hearts (Kirk and Honig 1964) . It has also been shown that coronary blood flow is influenced more easily by drug stimulation in the end ocardium (Sugishita et al. 1971) . These all indicate that hypoxia is a possible cause for the scar formation.
The second problem that the scar tissue increases in the left ventricular wall with an increase of heart weight seems to be well compatible with chemical determination of hydroxyproline content in the human heart muscle (Sasaki et al. unpublished observation). These facts appear to be of significance for development of cardiac failure. In histometrical estimations, however, the increase in scar tissue is not uniform depending upon cardiac diseases. There are no definite correlations between the amount of scar tissue and heart weight in the cardiac disease group. The reason is probably that there are many valvular diseases and microemboli in this group. In the renal and vascular disease group , there are significant correlations between the amount of scar tissue and heart weight. There are many hypertensives in this group and it is considered that chronic pressure overloading may be responsible for hypertrophy of hearts and the increase of scar tissue. There are, however , no definite correlations between the amount of scar tissue in the papillary muscle and heart weight in this group . Hyperten sion is one of the causes for coronary atherosclerosis , and not only hypertension but degree of coronary atherosclerosis must be considered for precise evaluation of the present data.
Recent advances in estimation of cardiac function , especially cardiac contrac tility, are quite remarkable. It is a general thought that the cardiac contractility represents pumping power of the heart muscle and its reduction may be a big cause of cardiac failure. From this standpoint , the presence of scar tissue is of very importance. Simon et al . (1970) have studied left ventricular dynamics and contractility in patients with aortic stenosis but without cardiac failure , and have shown that the decrease in contractility is caused by the severity of the pressure load and by the patient's age. Spann et al . (1967) have studied the contractile state of papillary muscles on hypertrophied and failing right ventricles of cats with pulmonary artery constriction. They have concluded that the intrinsic contractile state is extremely depressed in congestive heart failure and is also depressed in ventricular hypertrophy even without cardiac failure . Considering our results in relation to the above facts, it is now convinced that the scar tissue increases in hypertrophied heart and influences myocardial contractility . Although the scar tissue may tolerate to passive pressure overloading in diastolic periods , it may di stort the mechanodynamics in contraction in systolic periods , if it is amounted 
